Purpose: Dietary adherence can be challenging for patients with coronary heart disease (CHD), as they may require multiple dietary changes. Choosing appropriate food items may be difficult or take extensive amounts of time without the aid of technology. The objective of this project was to (1) examine the dietary challenges faced by patients with CHD, (2) examine methods of coping with dietary challenges, (3) explore the feasibility of a web-based food decision support system, and (4) explore the feasibility of a mobile-based food decision support system.
Introduction
Coronary heart disease (CHD) often results in angina, shortness of breath, myocardial infarctions, and heart failure. Currently, it is the leading cause of death among Americans, and is a common diagnosis of individuals participating in cardiac rehabilitation. Coronary heart disease is becoming increasingly prevalent, with 17.6 million individuals diagnosed, costing an estimated $177.1 billion in 2010. 1 Many of the hospitalizations, morbidity, and mortality associated with CHD are preventable through lifestyle changes, such as: quitting smoking, making dietary changes, losing weight, and engaging in physical activity. 2 Adherence to the dietary changes can be difficult for patients with CHD, since recommended changes include reducing sodium intake to less than 2.4 grams per day (approximately one teaspoon of table salt) 4 or less than 1.5 grams per day, 3 reducing saturated fat intake to less than seven percent of total calories, 2 and increasing consumption of fresh fruits, vegetables, and low-fat dairy products. 2, 4 Heart healthy dietary changes have been found to lower blood pressure and reduce the risk of CHD, myocardial infarction, and stroke. [5] [6] [7] However, adherence to dietary recommendations is poor among patients with CHD 8, 9 and other diseases. 7, 10, 11 Without adherence to lifestyle and dietary recommendations, CHD progresses, requiring the use of additional medication therapy 2, 4 and increasing the risk for adverse drug events, undesirable side effects, and increased healthcare costs. 12 Patients with CHD are likely to have additional comorbidities (e.g., diabetes, hypertension) 1,2 further complicating dietary adherence. Dietary choices associated with these comorbidities require accounting for multiple dietary variables, such as sodium, saturated fat, and carbohydrate content, while shopping for groceries or choosing entrees at a restaurant, which may be difficult or time-consuming without additional assistance, such as technology. 13 Incorporating the use of technology into diet and exercise interventions has been found to increase adherence. [14] [15] [16] Using technology to record dietary intake takes less time than traditional food diaries and is less burdensome. 17, 18 Technology also has the potential to be as accurate as daily food diaries, traditionally used in diet studies. [19] [20] [21] However, there continues to be a need to create and assess technology to improve dietary adherence.
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In order to improve patient adherence to dietary recommendations in CHD and prevent complications associated with symptom exacerbation, tools are needed to assist patients in making appropriate dietary choices without reliance on memory. Furthermore, tools that include a comprehensive list of foods are needed to help patients determine if their selections meet individual dietary criteria. While publicly available, such tools have not been tested to determine their efficacy in assisting patients with CHD in dietary adherence.
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Statement of Purpose
The purpose of this pilot study was to examine the dietary challenges and strategies for adherence in patients with CHD, as well as the feasibility of utilizing technology to assist patients with CHD in making appropriate dietary choices. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Institutional review board approval was obtained prior to participant recruitment.
Methods
Patients
Patients with CHD and their informal caregivers were recruited from a cardiopulmonary rehabilitation clinic in Indiana, serving a predominately rural-based population. Any participant who had a diagnosis of coronary heart disease was invited to participate. Caregivers provide essential input related to dietary issues because often caregivers are overseeing and implementing these dietary changes, so they also were included in the focus groups. Flyers were distributed by the clinic staff, and interested participants completed an authorization form allowing contact by the researchers. Participants then were asked to take part in a focus group session.
Technology: Food for the Heart and Mobile Magic Lens
Two food decision support systems, Food for the Heart (FFH) and Mobile Magic Lens (MML) were created and examined in this project. These support systems are based on the "Dust and Magnet" (DnM) technology, as described previously. 13 DnM technology performs multivariate analysis to determine which items best fit the criteria from a database of items.
For example, if an individual would like to select a cereal low in fat and sugar but high in protein and vitamin content, it can be difficult to choose from the extensive varieties of cereals available in the grocery store. However, with the DnM software, nutritional data are loaded into the database which allows the individual to select specific nutritional criteria (e.g., fat, sugar, protein, and vitamins). The software then utilizes the available database and analyzes which cereals best fit the specified criteria. DnM provides a graphic displaying all four criteria and ranks cereal(s) based on all four criteria. As a result of this technology, the individual is assisted in choosing an appropriate cereal to purchase and consume. in length and was audio-taped. There were a total of three focus group sessions, held in a private conference room area of the cardiopulmonary rehabilitation clinic. They were held over the span of a month on different days and times to accommodate participants' schedules.
Moderators also took notes during the sessions.
A total of 14 questions were created prior to the focus group sessions after an extensive review of the literature related to dietary adherence and discussion amongst researchers with clinical research experience ( Table 1 ). These questions were asked during the focus group session, along with follow-up questions based on participant responses. Each of the questions was addressed, either extensively or briefly, depending on the focus group session. During the focus group session, participants were asked about their favorite foods, dietary changes made since CHD diagnosis, challenges in making dietary changes, and ways of overcoming these challenges. Participants then were shown the FFH and MML prototype and asked which components they liked and disliked, how FFH and MML could assist them in making dietary changes, as well as the potential problems with the use of FFH and MML. A pharmacist and a nurse moderated each session, allowing for follow-up on dietary, lifestyle, and medicationrelated discussions.
Analysis
Statistical analyses for quantitative data were conducted using PASW software for Windows (version 18.0; SPSS Inc, Chicago, Illinois) to determine frequencies, means, and standard deviations as appropriate. Tapes from the focus groups were transcribed verbatim, and content analysis of the qualitative taped data and researcher notes were performed to identify themes grounded in the responses. 24 The transcripts were examined by the three of the researchers independently to identify themes, drawing upon a grounded theory 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 approach. 24 The three researchers then held a discussion to reach consensus on the predominant themes from the focus groups.
Results
A total of 20 patients with CHD (see Table 2 ) and 7 informal caregivers of CHD patients participated in a focus group session. Response saturation, i.e., no new information was presented, was met (as deemed by moderators) after three focus groups, so no more focus group sessions were held. Slightly more than half of CHD patients were male (n=11) and the average age was 68.35± 10.34 years. One of the CHD patients also indicated that he is an informal caregiver for another CHD patient. (He was included in the study as a patient rather than an informal caregiver.) Nearly half of the CHD patients (n=11) prepared their own meals or assisted their spouse, with the remainder of CHD patients indicating that their spouse prepared their meals (n=7) or they dined out most meals (n=2). Many CHD patients (n=11) or their spouses (n=6) did the grocery shopping, or they did grocery shopping together (n=3). All but one CHD patient (n=19) indicated that they, or their spouse, used a list when grocery shopping. CHD patients recommended additional options such as a "ask a healthcare professional" page, the ability to track overall health (e.g., weight, exercise, and blood pressure), the option 
Qualitative Results
think that (knowing interactions between) medicine in combination with supplements will be very good because a lot of people don't know that if you take iron with this or that it doesn't absorb. If you take that
with this, and I think knowing that helps." They also wanted to be able to track calories in addition to the nutritional components such as sodium, fat, and sugar.
Theme 4 and 5: The Mobile Magic Lens (MML) is user-friendly, faster than reading labels, and would help patients make healthy choices. Focus group CHD participants also were shown a MML prototype, and indicated that it was user-friendly, faster than reading labels, and would help them make healthy choices.
Participants mentioned "It's fast. Instead of going through all the labels and having to figure out…serving sizes, and it would just help speed up the process" and "It helps you to make healthy choices. Seems like it is fast. It would be faster than picking up a can and reading it."
Overall, participants liked the instant feedback that could be incorporated into devices most individuals already own, i.e., a cell phone. One participant remarked on the practicality for family members or friends who pick up groceries by simplifying appropriate food items choices 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 without knowing their dietary recommendations. They recommended developing additional programming options allowing for individualization regarding specific dietary needs (i.e., celiac disease), syncing to the FFH website, and assistance in choosing restaurant items.
Discussion
Patients with CHD in these focus groups recruited from a cardiac rehabilitation center face difficulty changing their dietary habits, with the most common challenge of reducing carbohydrates. Previous studies have found that patients have difficulty changing their habits and adhering to dietary recommendations, for many perceive the recommended diets as tasteless and less enjoyable than the higher fat and carbohydrate items. [7] [8] [9] [10] [11] A challenge faced by participants in the focus groups also were related to the length of time required to plan and prepare healthy meals, since unhealthy food items tended to be more convenient, which is consistent with other research. [25] [26] [27] Participants who made appropriate dietary choices found that support from their family, friends, and clinic staff improved their adherence. Support has been found to improve adherence and the lack of support can be detrimental.
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One of the purposes for this pilot study was to examine if tools such as FFH and MML are useful for patients with CHD, as most technological tools have been tested as replacements for food diaries rather than for dietary adherence. [17] [18] [19] [20] [21] The FFH website and the MML application appear to be tools that CHD patients perceive as valuable in making food choices and in dietary adherence, as they would help them make faster decisions when shopping and for allowing adjustments to stay within dietary recommendations. The incorporation of technology into diet and lifestyle interventions can decrease participant burden, be more efficient, and be highly accurate.
14-20 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Further development is needed to allow interaction between FFH and MML and to make both prototypes more comprehensive in addressing both dietary and lifestyle changes. Patients indicated that they wanted to be able to utilize the technology to monitor their CHD in its entirety, including their physical activity and medication-food interactions. Future work on this project should incorporate suggested components and pilot test upgraded prototypes in CHD patients to examine the usability and efficacy in dietary adherence.
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